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RANCANG BANGUN SISTEM KEAMANAN SEPEDA MOTOR
BERBASIS loT DENGAN PELACAKAN GPS DAN GEO-FENCING

MUHAMAD NARA UTAMA

ABSTRAK

Pencurian sepeda motor yang masih sering terjadi mendorong penelitian ini
dilakukan untuk merancang dan menguji sistem keamanan tambahan berbasis loT
menggunakan mikrokontroler ESP32 yang dipadukan dengan modul SIM7600,
dilengkapi fitur pelacakan GPS dan geo-fencing. Variabel yang diamati meliputi
akurasi lokasi GPS yang dihitung dari rata-rata error, standar deviasi, dan RMSE,
keberhasilan kendali relay dan buzzer dari jarak jauh, waktu tunda pengiriman
notifikasi WhatsApp, serta ketepatan sistem dalam mendeteksi status kendaraan
terhadap radius geo-fencing.

Perhitungan jarak antara titik pusat geo-fencing dan posisi kendaraan menggunakan
rumus Haversine, yaitu metode perhitungan jarak antar dua koordinat geografis
yang umum digunakan pada penelitian-penelitian berbasis GPS. Pengujian
dilakukan langsung di lapangan pada titik dan kondisi yang telah ditentukan
sebelumnya, dengan rincian tiga puluh data uji akurasi GPS yang diambil dari tiga
kondisi lingkungan berbeda (area terbuka, di bawah atap, dan dekat bangunan),
masing-masing diuji sepuluh kali pada titik yang berbeda-beda, sepuluh kali
percobaan relay dan buzzer pada rentang jarak 50 sampai 500 meter, empat titik uji
geo-fencing, dan sepuluh kali pengukuran waktu tunda notifikasi. Data yang
terkumpul dianalisis secara deskriptif kuantitatif dengan menghitung rata-rata,
standar deviasi, dan RMSE untuk data akurasi GPS, serta persentase keberhasilan
dan rata-rata waktu untuk pengujian lainnya.

Hasil pengujian menunjukkan seluruh tiga puluh percobaan berhasil memperoleh
koordinat GPS tanpa kegagalan pembacaan (100%), dengan rata-rata error 6,12
meter, standar deviasi 3,55 meter, dan RMSE 7,05 meter. Relay dan buzzer berhasil
merespons pada seluruh percobaan (10 dari 10) di rentang jarak yang diuji, waktu
tunda pengiriman notifikasi WhatsApp rata-rata 25,06 detik, dan sistem
membutuhkan waktu rata-rata 28,29 detik untuk kembali berfungsi normal,
sedangkan deteksi status geo-fencing tepat pada seluruh titik uji. Dari hasil tersebut
dapat disimpulkan bahwa sistem yang dibangun mampu bekerja secara mandiri dan
cukup responsif sebagai lapisan keamanan tambahan pada sepeda motor, meskipun
akurasi GPS masih menurun ketika berada di area tertutup atau terhalang bangunan.

Kata kunci: GPS Tracker, Geo-Fencing, Internet of Things, ESP32, Keamanan
Sepeda Motor
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RANCANG BANGUN SISTEM KEAMANAN SEPEDA MOTOR
BERBASIS loT DENGAN PELACAKAN GPS DAN GEO-FENCING

MUHAMAD NARA UTAMA

ABSTRACT

Motorcycle theft remains a common problem, which is the main reason this study
was conducted to design and test an additional loT-based security system built
around an ESP32 microcontroller paired with a SIM7600 module, equipped with
GPS tracking and geo-fencing features.

The observed variables include GPS location accuracy, calculated through average
error, standard deviation, and RMSE; the success rate of remote relay and buzzer
control; the delay time of WhatsApp notification delivery; and the accuracy of the
system in detecting vehicle status relative to the geo-fencing radius. The distance
between the geo-fencing center point and the vehicle's position is calculated using
the Haversine formula, a distance calculation method for two geographic
coordinates that is commonly applied in GPS-based studies. Testing was carried
out directly in the field at predetermined points and conditions, consisting of thirty
GPS accuracy test data collected from three different environmental conditions
(open area, under a roof, and near buildings), each tested ten times at different
points, ten trials of relay and buzzer at distances ranging from 50 to 500 meters,
four geo-fencing test points, and ten notification delay measurements. The collected
data were analyzed using a descriptive quantitative approach by calculating the
average, standard deviation, and RMSE for GPS accuracy data, as well as the
success percentage and average time for the other tests.

The test results show that all thirty trials successfully obtained GPS coordinates
without any reading failure (100%), with an average error of 6.12 meters, a
standard deviation of 3.55 meters, and an RMSE of 7.05 meters. The relay and
buzzer responded successfully in all trials (10 out of 10) across the tested distance
range, the average delay time for WhatsApp notification delivery was 25.06
seconds, and the system required an average of 28.29 seconds to return to normal
operation, while geo-fencing status detection was accurate at all test points. These
results indicate that the developed system is able to operate independently and
respond reasonably well as an additional security layer for motorcycles, although
GPS accuracy still decreases in enclosed areas or areas obstructed by buildings.

Keywords: GPS Tracker, Geo-Fencing, Internet of Things, ESP32, Motorcycle
Security
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